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the contaminants are essentially nonmobile and occupy much less
pore space than the water. The specific concentration value at which
nonaqueous-phase contaminants begin interfering with fluid circula-
tion varies depending on the contaminant (the value is higher for
denser contaminants) and the soil.

Site Conditions for Intrinsic Bioremediation

If intrinsic bioremediation is the only option, ambient site condi-
tions must be accepted as constraints for meeting cleanup goals, be-
cause intrinsic bioremediation by definition occurs without adding
anything to the site. Only a fraction of the contaminated sites offer
naturally occurring hydrogeochemical conditions in which microor-
ganisms can degrade contaminants quickly enough to prevent them
from spreading without human intervention.

The critical site characteristic for intrinsic bioremediation is pre-
dictability of ground water flow in time and space. Predictable wa-
ter flow is essential for determining whether the native microbes will
be able to act in all the places where the contaminant might travel in
all seasons and for determining whether the microbes can act quickly
enough to prevent the contamination from spreading with the flow-
ing ground water. The hydraulic gradient and trajectory of ground
water flow should be consistent through the seasons and from year
to year. To ensure predictability of flow, the fluctuation in the water
table should not vary more than about 1 m, although the precise
number is site specific. In addition, the trajectory of regional flow
should not change by more than about 25 degrees from the primary
flow direction. These circumstances are more likely in upland land-
scapes with humid, temperate climates. In contrast, contaminant plumes
in estuaries or the flood plains of large rivers often behave unpredict-
ably.

Another valuable characteristic is the presence in the aquifer of
minerals such as carbonates to buffer pH changes that would other-
wise result from biological production of carbon dioxide or other
acids or bases. Carbonates in the aquifer matrix can, be expected
when limestone or dolomite are the parent material or when lime-
stone dust or sand occurs in glacial outwash. Carbonates can also
occur as shell material in beach deposits.

Intrinsic bioremediation is more extensive when the ambient ground
water surrounding the spill has high concentrations of oxygen or
other electron acceptors. The importance of ambient concentrations
of nitrate, sulfate, and ferric iron as potential electron acceptors that
can stimulate microbial growth in the absence of oxygen is too often